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Introduction
This paper focuses on characterising airline networks using data derived from the comprehensive OAG Historical Max Plus databases over the period 1996 to 2008. In the paper, descriptive statistics and summary measures of activity for the North American and European air transport markets are presented in order to compare the two markets at a macro-level as well as at the firm-level, using individual airline traffic information. The focus on carrier network structure attempts to capture aspects of carrier production plans and traffic flow organisation and thus represent measures of airline technology. Deregulation or liberalisation of air transport services has resulted in significant changes in the manner in which airlines operate and organise traffic flows through their networks. As the process of liberalisation continues apace in all continental regions of the world, it is important to examine the ways in which carrier networks are evolving and adapting to the new market environments.
The pattern of network development in the two continental regions will be examined using data for the period 1996-2008. The top 10 carriers in both regions will be examined closely in terms of network structures and the basic geographical characteristics of these networks will be highlighted. In addition, different measures of air transport activity such as seating capacity, number of movements and number of routes will be compared. Some conclusions on the differences and similarities between European and North American airline network structures will be outlined in the conclusions.
Approaches to characterising network structure & organisation
Network structure is a critical aspect of firm behaviour for transportation service providers. The network represents the carrier's production plan and also the carrier's product offerings. The unit of supply for the carrier is a single airline movement. The unit of demand is smaller and heterogeneous. Passengers, or travel agents on their behalf, may purchase origin-destination flight services by joining together non-stop air transport movements offered by one or more carriers. Thus passengers on a given flight may be consuming that service in isolation, or as a complementary or substitutable service to other flights within the same or another carrier's network.
Passengers can connect between flights and the costs of such indirect services may be spread between the passenger, the airport and the airline in varying degrees depending on the strategies, preferences and costs to these three actors in the market 2 .
In the US shortly after deregulation in the late 1970s for example, carriers organised their networks with high levels of passenger connections at so-called 'hub' airports.
This enabled carriers to greatly expand their product offerings (in terms of the origindestinations pairs served) with relatively modest increases in the number of flight segments offered. The surviving US carriers of 2008 have expanded greatly in size in the last three decades, with a small number of very large carriers now carrying the dominant share of domestic and US-originating international traffic. Carriers have 2 Keeping track of how passengers might travel between an origin-destination pair can be quite involved. For example, in the US Department of Transportation T-100 databases, the following types of scheduled air services are distinguished: (i) Non-stop service where the aircraft takes off from the passenger's origin point and lands at the passenger's destination point (ii) Connecting service, where the passenger changes aircraft between the origin and destination (iii) Offline Connection where the passenger changes aircraft and airline (iv) Online connection where the passenger changes aircraft but not airline (v) Direct service may be a 0, 1 or multiple stop service, but the passenger does not change aircraft (vi) Change of gauge, where the passenger changes aircraft but since the flight number does not change, it is not considered a connecting service. An excellent guide to US DOT airline data terminology may be found in the DataBase Products O&D Training Manual (2008) at www.airlinedata.com.
increased their total capacity through increasing frequency of service and expanding the number of non-stop flight segments offered. The greatly expanded volume of traffic has lead to increasing congestion at many large and medium airports. New entrant competitors, particularly the low-cost carriers (LCCs) offer direct or multistop services in competition with incumbent carriers direct and indirect service offerings.
The LCCs in many instances have focused their network expansion on secondary airports in many of the larger urban areas.
Outside North America, liberalisation of air transport has been taking place at varying temporal and geographical scales. International agreements liberalising air transport movements between major continental air transport systems have been negotiated with increasing pace in the last decade.
Several studies have analysed European network structures using similar approaches and assumptions relating to the structure and motivations of European carriers (see for example Brueckner and Pels (2004) , Berechman and deWit (1996) and Burghouwt et al (2003) 
Comparison of North American and European Air Transport Systems
The Official Airline Guide 'OAG Max Historical Plus databases' contain daily airline schedules for every airline in every country. The database facilitates the generation of annual traffic distributions by carrier and airport for any given year. In this study, the annual traffic flows were generated for the North American market (NA) (traffic by NA and non-NA carriers originating from all airports within NA, whether or not the destinations were NA based) and the European market (as defined earlier). Scheduled and non-scheduled movements and seats available on market segments with two or less stops, serviced by all categories of jet aircraft (including regional jets) are included. Airports and carriers with at least 1,000 seats in a one year period are counted.
The datasets are very large and are available in January each year for the proceeding year's actual schedules. Annual data series were generated from the daily schedules period, but has sharply declined in the last four years. The total number of carriers in Europe is still substantially greater than the number operating in North America.
In The LCCs in Europe and North America were much smaller in 1996. For AirTran (FL), Easyjet (U2) and Ryanair (FR), these carriers had a considerably higher share of their total traffic departing from their top airport in 1996 than for 2008. As these carriers have grown and expanded their networks, they have tended to spread their capacity and routes more evenly across other airports in their networks. Figure 4 shows the average number of seats available per passenger aircraft movement among the top 10 carriers in 1996 and 2008. As was seen in the aggregate data in Table 1 
Carrier network structures -a comparative analysis
In order to explore differences in network structure between the European and North American carriers, the top airports in each carrier's network were identified and the intervening physical distances were recorded. Figure 5 summarises this information for the top two airports for North American and European carriers, while Tables 2 and   3 report on the top five airports for each of the carriers. To illustrate differences in the network strategy, the pattern of route connections was drawn using the NetDraw software. 
Summary and conclusions
There are clear differences between the European and North American air transport markets from the proceeding analysis. 
